The Bunyaviridae comprises five genera of tripartite negative-stranded or ambisense RNA viruses. Complete genome sequences are available for at least one member of each genus except for Nairovirus (Murphy et aI., 1995). The nairoviruses consist of seven serogroups of tick-transmitted arboviruses, and include Crimean-Congo haemorrhagic fever virus, a widely distributed and serious human pathogen, and Nairobi sheep disease (NSD) virus, an important pathogen of sheep in East Africa (Murphy et aL, 1995) . The most studied nairovirus is Dugbe (DUG) virus, a member of the NSD
serogroup, which is widespread in cattle in West Africa but causes little or no disease in cattle or in humans. The small (S) segment of DUG virus, 1712 nucleotides (nt) in length, was shown to encode the 49"4 kDa nucleoprotein, N, in the viral complementary strand (Ward et al., 1990) . The medium (M) segment of 4888 nt also contains a single long open reading frame (ORF) in the viral complementary strand, in this case encoding the precursors of the viral glycoproteins (Marriott et a[., I992) . The pathway of processing of the M gene products has yet to be fully elucidated. The L segments of the other four genera of the Bunyaviridae range in size from 6"4-8"9 kb and each encodes a single large (L) protein of 2095-2875 amino acids (Murphy eta] ., 1995) , which in the case of Bunyamwera virus L protein has been shown to have RNA polymerase activity (Jin & Elliott, 1991) . The L proteins are the only Bunyaviridae gene products which show conserved amino acid sequences across the four genera already studied (Muller eta] ., i994).
In order to compare the coding strategy of nairoviruses with that of viruses belonging to other Bunyaviridae genera, we determined the nucleotide sequence of the DUG virus L RNA, thereby completing the genome sequence of a nairovirus. Construction of plasmid libraries from DUG viral RNA has been described (Ward et aL, 1990; Marriott eta] ., 1992). L RNA-derived clones were identified by hybridization ¢:o blotted viral L RNA and cross-hybridization with each other. RNA 3' and 5' ends were cloned by PCR-based methods. For 
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L 5 ' UCUCAAAGAAAUCGUUCCCCCACA. . residue peptide insertion in the La Crosse virus sequence which could not be aligned with any of the other sequences (peptide not shown). Bold underlined residues are invariant or highly conserved residues of Poch et al. (1989) and Muller et al. (1994) . The motifs of Muller et al. (1994) are indicated below the sequences. The alignment was constructed using the PILEUP program of the GCG package (Devereux et al., 1984) ; the sequence of the pneumovirus HRSV was used as an outgroup. 
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Han tavirus Fig. 3 . (a) Neighbourjoining tree of aligned core polymerase modules of polymerase proteins of segmented negative-strand viruses. The tree was constructed using the MEGA package (Kumar eta/., 1993 (Hetzer & Mueller, 1993) , followed by PCR with primers complementary to the pBS T7 promoter, and viral nt 94-113 (ACM22). Alternatively, viral RNA was tailed with polyadenylate polymerase (Gibco-BRL), the cDNA strand was primed with anchored oligo(dT)ls, and PCR was performed with anchored oligo(dT)18 and ACM22 as primers. For the 5' end, cDNA was synthesized from viral RNA using a primer complementary to viral nt 12143-12162 (ACM24), and then PCR was performed with a viral end-specific primer (Marriott et aI., 1992) and ACM26 (complementary to viral nt 12161-12180) as primers. Alternatively, ACM24-primed cDNA was tailed with dATP using terminal deoxynucleotidyl transferase (Gibco-BRL), and then PCR was performed with anchored oligo(dT)l 8 and ACM26 as primers. In each case, the PCR product was ligated into the pGEM-T vector (Promega) before sequencing. For sequencing from plasmid templates the Sequenase kit (United States Biochemical) was used, with universal or synthetic oligonudeotide primers. Sequence data assembly and analysis used the University of Wisconsin GCG program package (Devereux et al., I984) , version 8. A total of 36 overlapping cDNA clones was sequenced entirely or partially. Details of clones and sequencing primers are available from the authors upon request. The viral 5' and 3' ends were each sequenced from clones derived from two different cloning strategies (as described above), and no differences were seen between these pairs of sequences. The complete sequence is available from GenBank, accession number U15018. The total length of DUG L RNA was deduced to be 12 255 nt. The ends show complementarity with each other, and homology with the corresponding ends of the M and S segments (Fig. 1) . This is a general property of the Bunyaviridae (Elliott, i990) , and these sequences are thought to contain the polymerase recognition site. The composition of the viral RNA strand is U-rich (35"2%), a property shared by the M (32"3 % U) and S (30"6% U) segments (Ward et al., 1990; Marriott et al., 1992) .
A single long ORF is seen in the viral-complementary (vc) RNA strand, running from the first AUG at nt 41-43 to the UGA stop codon at nt 12149-12151 (numbering is from the 5' end of vcRNA). The first AUG is in a strong 'Kozak' context (Kozak, 1989) , namely AACAUGG, and is therefore likely to initiate protein synthesis. There are no other substantial ORFs in the L vRNA or vcRNA sequences. Hence the genome of DUG virus is entirely negative stranded, like that of the bunyaviruses and hantaviruses, and in contrast to the phleboviruses and tospoviruses which have one or two (respectively) ambisense genomic segments. The genome of DUG virus comprises 18855nt, longer than those of the other Bunyaviridae genera (II'4-6"6 kb). The 3' untranslated region of DUG L vcRNA is somewhat shorter than the 3' untranslated regions of the other two genomic segments (Ward et al., 1990; Marriott et a[., 1992) at 104 nt.
The deduced sequence of the L RNA gene product is 4036 amino acids long, corresponding to an unmodified molecular mass of 459"4 kDa and an overall charge of -8 at neutral pH. This is substantially larger than the largest Bunyaviridae L protein reported previously, that of tomato spotted wilt virus at 2875 amino acids (de Haan et aI., 1991) . Inspection of hydropathy plots revealed no evidence of a signal sequence nor membrane-spanning regions (data not shown), indicating that the product is probably not an integral membrane protein.
Comparison of the sequence with other sequences in the GenBank (release 88.0) and SwissProt (release 29.0) databases shows that the DUG L protein sequence includes the characteristic RNA-dependent RNA polymerase core motifs described by Poch et al. (1989) and Muller eta] . (1994) . This core polymerase module comprises residues 2361-2669 of the DUG L gene product.
The core polymerase module of the DUG sequence (residues 2361-2669) was aligned against the corresponding regions of the Bunyaviridae, Are~aviridae and Orthomyxoviridae protein sequences which were obtained from the SwissProt or GenBank databases (Fig. 2) . The sequences were also aligned against the core polymerase module of a nonsegmented negative-strand virus, human respiratory syncytial virus (HRSV), which served as an outgroup. All six motifs of Muller eta] . (1994) were conserved in the DUG sequence, namely premotif A (Lys-X6~-Arg-Xg-Arg/Lys-X~-Glu), motifs A (Asp-X2-Lys-Trp), B (Gly-Xs-Ser), C (Ser-Asp-Asp), D (invariant Lys) and E (Glu-Phe/Tyr-X-Ser) (Fig. 2) . Of these motifs, premotif A is thought to be involved in template positioning and binding, motifs A, C and D are thought to be involved in NTP binding and catalysis, and motifs B and E are thought to be involved in template and/or primer positioning (Muller et a]., 1994) . On this basis we deduce that the DUG L gene encodes the viral RNA-dependent RNA polymerase.
From the alignment a phylogenetic tree was constructed (Fig. 3 a) using the neighbour-joining method. The outline of the tree confirms the observation of Roberts et aI. (1995) , using an alignment of the full L ORFs, that the Bunyaviridae sequences form two main clusters, the phleboviruses clustering apart from the other three genera represented in that study. Each of the groups Arenaviridae, Orthomyxoviridae, phleboviruses, hantaviruses and bunyaviruses plus tospoviruses forms a cluster trees containing each cluster out of 500 bootstrap replicates. Branches present in < 50% of trees are not shown. Branch lengths are proportional to the genetic distance between sequences, which were computed using the gamma distances option with parameter a = 2 (Kumar et el., 1993) . (b) Maximum parsimony consensus tree constructed using the PHYLIP package (Felsenstein, 1993) strongly supported by bootstrap analysis. The DUG sequence clusters with the phleboviruses in 70% of the bootstrapped trees. A maximum parsimony analysis was performed on the same data set using the programs PROTPARS, SEQBOOT and CONSENSE of the PHYLIP package (Felsenstein, 1993) , using 200 bootstrap replicates. In this case, the arenaviruses, orthomyxoviruses, phleboviruses and DUG virus were clustered together (80% of trees), as were the bunyaviruses, tospoviruses and hantaviruses (57% of trees) (Fig. 3 b) . These analyses show that the DUG sequence is closer to those of the phleboviruses than to those of the other Bunyaviridae. However, the placement of the two groups of Bunyaviridae sequences relative to the other families of segmented negativestrand viruses is unclear, due to the extensive divergence of the sequences being compared. Furthermore, the trees discussed here are based only upon a small amount of the genome of each virus, and the genera within the Bunyaviridae clearly resemble each other more closely in terms of, for example, genome structure, than they resemble viruses in any other family.
The conserved amino-proximal motifs described for the L proteins of Bunyaviridae and Arenaviridae (Muller et al., I994) were not present in the DUG sequence, and no other regions of the DUG L sequences could be meaningfully aligned with any other viral proteins. We were unable to assign functions to regions of the DUG L gene other than the core polymerase region, although presumably it must have a nucleocapsid binding domain and a cap-binding and endonuclease domain involved in cap-snatching (Jin & Elliott, 1993) . Assignment of such functions awaits the expression of DUG L protein in a system which allows site-directed mutagenesis, such as that which has been developed for Bunyamwera virus (Jin & Elliott, 1992) .
